One new saikosaponin, 3β,16α,23,28,30-pentahydroxyoleana-11,13(18)-diene 3-O-β-D-fucopyranoside (1), along with eight known compounds, saikosaponin a, b 1 , b 2 , b 3 , d, g, k, and l were isolated from the MeOH extract of the aerial parts of Bupleurum chinense DC. Their structures were elucidated by 1D and 2D NMR spectral interpretation, as well as by chemical degradation. Saikosaponin d exhibited significant bioactivity in inhibiting HBV DNA replication.
The dry root of Bupleurum chinense DC. is listed officially in the Chinese Pharmacopoeia and is used in traditional Chinese medicine in the treatment of conditions such as influenza, fever, malaria, and menstrual disorders [1] . In the last few years, these studies have gained importance because extracts of the Bupleurum genus (Umbelliferae) have been shown to contain many saikosaponins, which exhibit a broad range of biological activities [2] [3] [4] .
Here we report the isolation and characterization of one new saikosaponin from the aerial parts of B. chinense, namely 3β,16α,23,28,30-pentahydroxyoleana-11,13(18)-diene 3-O-β-D-fucopyranoside (1), along with the known saikosaponins a (2), b 1 (3), b 2 (4), b 3 (5), d (6), g (7) , k (8) , and l (9) . The inhibitory activity of these compounds against HBV (Hepatitis B Virus) DNA replication has been evaluated.
Compound 1 was obtained as an amorphous powder. The molecular formula was determined as C 36 H 58 O 9 from the positive HRESIMS ion at m/z 657.3991 for the [M+Na] + ion (calcd for C 36 H 58 O 9 Na, 657.3979 [M+Na] + ). Thirty-six signals were observed in the 13 C and DEPT NMR spectra. Among these signals, 6 were assigned to the sugar moiety and 30 to the triterpene moiety. The 1 H NMR spectrum of 1 showed five singlets assignable to the aglycone methyls at δ 0.90-1.71 and two olefinic protons at δ 5.54 (1H, d, J = 10.6 Hz) and 6.80 (1H, dd, J = 10.6, 2.3 Hz). A 3β-hydroxyl substitution was evident from the chemical shift, and the J values of the proton ascribable to H-3α at δ 4.31 (1H, dd, J = 11.7, 4.5 Hz). The absolute configuration of C-16 was deduced to be α from the chemical shift of the carbon assigned to C-16 at δ 67.9 [5] . On the basis of its 1 H and 13 C NMR spectroscopic data, the aglycone of 1 was identified as 3β,16α,23,28,30-pentahydroxyoleana-11,13(18)-diene [5, 6] . Glycosidation of the alcoholic function at C-3 was indicated by the significant downfield shift observed for these carbon signals in 1, compared with the corresponding signals in a model compound reported in the literature [5, 6] .
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Acid hydrolysis of 1 yielded D-fucose by TLC analysis of the component monosaccharide compared with the standard sugar. The chemical shifts, the signal multiplicities, the absolute values of the coupling constants, and their magnitude in the 1 H NMR spectrum, as well as the 13 C NMR data, indicated a β-configuration for the fucosyl unit [δ 4.99 (1H, d, J = 7.7 Hz, H-1 of fuc); δ 106.5 (C-1 of fuc)]. The 13 C NMR spectroscopic data allowed the assignment of the pyranose form of D-fucose. The 1 H and 13 C NMR signals of the sugar unit in 1 were assigned using HMQC and HMBC spectra. An HMBC correlation was observed between H-1 of the fucose (fuc-1) and C-3 of the aglycone. Thus, the structure of 1 was elucidated as 3β,16α,23,28,30-pentahydroxyoleana-11,13(18)diene 3-O-β-D-fucopyranoside.
The known compounds saikosaponin a [7] , b 1 [8] , b 2 [8] , b 3 [8] , d [7] , g [6] , k [9] , and l [9] were identified by comparison of their spectral data with those described in the literature.
All compounds separated were tested for their bioactivity in inhibiting HBV DNA replication; saikosaponin d was found to be active, with an IC 50 value of 0.36 μg/mL and a SI (Selective Index, TC 50 /IC 50 ) of 6.61, while 3TC [L(-)Sddc], tested as the control, had an IC 50 value of 10.0 μg/mL and a SI of 160.0. Accordingly, as a result of this investigation, the structures of one new saikosaponin, along with eight known ones from B. chinense were identified. Besides, saikosaponin d exhibited significant bioactivity in inhibiting HBV DNA replication.
Experimental
General procedures: Optical rotations were measured in MeOH with a Perkin-Elmer model 341 polarimeter. NMR spectra were obtained on a Bruker AMX-400 spectrometer in C 5 D 5 N solution. Chemical shifts are reported in δ (ppm). 1 H NMR chemical shifts were referenced to the center peak of the residual solvent signal (δ 7.58). 13 C NMR spectra were referenced to the center peak of the solvent at δ 135.9. ESIMS were run on a Bruker Esquire 3000 plus spectrometer in MeOH, and HRESIMS were run on a Bruker Atex III spectrometer in MeOH, respectively. Precoated plates for TLC (2.5 x 7.5 cm, 250 µm) were obtained from EMD Chemicals Inc. Fraction B (5 g) was passed through a Sephadex LH-20 (25-100 μm, Merck, Darmstadt, Germany) column, eluting with methanol to yield two subfractions (B-1-2). Subfraction B-1 (1.2 g) was subjected to RP-18 (20-45 μm, Fuji Silysia Chemical Ltd., Aichi, Japan) flash column chromatography, eluting with methanol-water (60:40) to give 2 (20 mg) and 3 (20 mg). Subfraction B-2 (1.9 g) was subjected to RP-18 flash column chromatography, eluted with methanol-water (60:40) to give 4 (22 mg) and a mixture. This mixture was then subjected to MCI gel CHP 20P (75-150 μm, Mitsubishi Chemical Corporation, Tokyo, Japan) column chromatography, eluting with water-acetone (1:1) to afford 6 (40 mg) and 7 (180 mg). Fraction C (8 g) was passed through a Sephadex LH-20 column, eluting with methanol to yield three subfractions (C-1-3). Subfraction C-1 (2.2 g) was subjected to RP-18 flash column chromatography, and eluted with methanol-water (60:40) to give 8 (5 mg) and 5 (29 mg). Subfraction C-2 (1.8 g) was subjected to RP-18 flash column chromatography, and eluted with methanol-water (65:35) to give 1 (22 mg) and 9 (200 mg). 
